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5HVHDUFK%DFNJURXQG
3LSHOLQH LVHVVHQWLDO LQPDQ\ LQGXVWULHV DOO DURXQG WKHJOREHQDPHO\ UHILQHULHVSRZHUSODQWV FKHPLFDOSODQWV
DQGVHZDJHV\VWHP7KHSLSHOLQHVDUHEDVLFDOO\XVHGWRWUDQVSRUWIOXLGIURPRQHSODFHWRDQRWKHU7KHDSSOLFDWLRQ
RISLSHOLQHV DFURVV0DOD\VLDQ LQGXVWULHV LVERRPLQJ ,Q0DOD\VLD WKHUHDUH DQXPEHURI LQGXVWULHV WKDW DUHYHU\
V\QRQ\P WRSLSHOLQHQDPHO\3HWURQDV ,QGDK:DWHU &RQVRUWLXP/HPEDJD$LU6DUDZDN DQG7HOHNRP0DOD\VLD
)RU LQVWDQFH 3HWURQDV DORQH LV UHVSRQVLEOH WR RSHUDWH PRUH WKDQ   NP RI JDV WUDQVPLVVLRQ SLSHOLQH LQ
0DOD\VLD >@ 5HFHQWO\PRVW RIPRGHUQ KRXVLQJ DQG WRZQ SODQQLQJ LQ0DOD\VLD DUH KDYLQJ FHQWUDOL]HG VHZDJH
V\VWHP8QGHU WKHQHZ VHZDJH V\VWHP DOO KRXVHV¶ SLSHOLQHVZLOO EH FRQQHFWHG WR RQH VWDWLRQ IRU HDFK GLVWULFW
7KHUH ZLOO EH PRUH IXWXUH QHWZRUN RI SLSHOLQHV WR EH FRQVWUXFWHG WKDW ZLOO FRQVHTXHQWO\ UHTXLUH WKH QHHG IRU
PDLQWHQDQFHDQGWHFKQRORJ\IRUSLSHOLQHVUHSDLUWREHFRPHPRUHYLWDO>@
7KHUH DUH PDQ\ LVVXHV WKDW LQIOXHQFHG WKH SHUIRUPDQFH RI WKH SLSHOLQHV QDPHO\ DJLQJ FRUURVLRQ FUDFNV
YLEUDWLRQVDQGWKHSLSHOLQHVDUHDOVRSURQHWRFORJXSZLWKGHEULVRUVHGLPHQWVDIWHUORQJXVDJH>@>@7RHQVXUH
HIIHFWLYH LQ SLSHOLQHV RSHUDWLRQ WKH V\VWHPV QHHG WR XQGHUJR URXWLQH PRQLWRULQJ PDLQWHQDQFH DQG UHSDLULQJ
DFWLYLWLHV5RXWLQHFOHDQLQJLVDEOHWRRSWLPL]HWKHRXWSXWWKURXJKHIILFLHQWWUDQVSRUWLQJDQGSURORQJWKHOLIHRIWKH
SLSHOLQH'XULQJ WKHSLSHOLQHVRSHUDWLRQDQGVHUYLFHV LW LV LPSRUWDQW WRHQVXUH WKHVDIHW\RI WKHSXEOLFRSHUDWRUV
DQGWKHHQYLURQPHQWEHFDXVHWKHFRQGLWLRQRIIOXLGVWUDQVSRUWLQJWKDWVRPHWLPHVFDQEHKD]DUGRXVGXHWRSLSHOLQHV
SUHVVXUH>@
3LSHOLQH FOHDQLQJ LV QRW HDV\ DV WKH SLSHOLQHV DUH ORQJ DQG LQWHUFRQQHFWHG 5HO\LQJ RQ KXPDQ ODERU LV QRW
HIIHFWLYHDQGQRWHFRQRPLFDO7KH VL]HDQGGLVWDQFHVRI WKH SLSHOLQHV LV VPDOODQG ORQJKDYH OLPLWHG WKHKXPDQ
FDSDELOLW\ WR DFFHVV DQG SHUIRUP WKH FOHDQLQJ SURFHVV 5RERWV KDYH EHHQ XVHG ZLGHO\ LQ HYHU\ ILHOG VXFK DV
PDQXIDFWXULQJKHDOWKPLOLWDU\DQGPDQ\PRUH5RERWVDUHPDLQO\GLYLGHGLQWRWZRFDWHJRULHVZKLFKDUHLQGXVWULDO
URERWDQGVHUYLFH URERW6HUYLFH URERWFDQEH GHILQHGDVD URERWZKLFKRSHUDWHV VHPL RU IXOO\DXWRQRPRXVO\ WR
SHUIRUPVHUYLFHVXVHIXOWRWKHZHOOEHLQJRIKXPDQVDQGHTXLSPHQWH[FOXGLQJPDQXIDFWXULQJRSHUDWLRQV>@(YHQ
WKRXJKWKHUHDUHPDQ\DGYDQFHGURERWVDYDLODEOHLQPDUNHWWKHSULFHLVYHU\H[SHQVLYH7KHUHIRUHWKHPDLQDLP
RIWKLVUHVHDUFKLVWRGHYHORSDQLQSLSHURERWIRUFOHDQLQJSURFHVVHVDQGWKLVSDSHUZLOOIRFXVRQWKHGHYHORSPHQW
RIWKHWUDFNZKHHOIRUWKHURERW7KHGHYHORSHGWUDFNZKHHOFDQEHDWWDFKHGWRWKHGHYHORSHGURERWDQGHQDEOHWKH
URERW WR PDQRHXYUH VPRRWKO\ LQ WKH SLSHOLQH 7KH URERW LV H[SHFWHG WR JLYH VLJQLILFDQW FRQWULEXWLRQ LQ WKH
LQGXVWULHV WKDW DUH LQYROYHG ZLWK SLSHOLQHV DFWLYLWLHV VR WKDW LW FDQ PLQLPL]H WKH PDLQWHQDQFH WLPH FRVW DQG
RSWLPL]HWKHWUDQVPLVVLRQSHUIRUPDQFH
5HVHDUFK0HWKRGRORJ\
7KH REMHFWLYH RI WKLV UHVHDUFK LV WR GHYHORS D WUDFNZKHHO IRU LQSLSH URERW WKDW FDQZRUNZLWKLQ ´ LQQHU
SLSHOLQH GLDPHWHU ZLWK OLPLWHG HQWUDQFH VL]H ZLWK ZDWHU\ DQG VOLSSHU\ 839& VXUIDFH )XUWKHUPRUH WKH WUDFN
ZKHHO VKRXOG EH DEOH WRPRYH LQ D KRUL]RQWDO DQG FOLPE XS WR  RI SLSH SRVLWLRQ %DVLFDOO\ WKLV UHVHDUFK LV
LQYROYHGZLWKVRIWZDUHDQGKDUGZDUHGHYHORSPHQW)RUWKHKDUGZDUHSURFHVVWKLVUHVHDUFKKDVDSSOLHGV\VWHPDWLF
HQJLQHHULQJGHVLJQPHWKRGE\'LHWHUDQG6FKPLGW>@0HDQZKLOHWKHPRYHPHQWRIWKHURERWZLOOEHFRQWUROOHG
E\SURJUDPPHG$UGXLQRVRIWZDUH,QWKHPHDQWLPHSURJUDPPLQJRIWKHFRQWUROV\VWHPKDVWREHJLQFRQFXUUHQW
ZLWK WKH KDUGZDUH GHYHORSPHQW 7KH VRIWZDUH GHYHORSPHQW EHJDQZLWK FRQVWUXFWLRQ RI IORZ FKDUW DV VKRZQ LQ
)LJ7KHIORZFKDUWVKRZVVHTXHQFHRIWDVNVWKDWQHHGVWREHFRQGXFWHGE\WKHURERW,WLVKHOSLQJDORWLQZULWLQJ
DQGRUJDQL]LQJWKHSURJUDPPLQJRIWKHURERW7KHGHWDLOHGFRGLQJLVVKRZQLQ)LJ
'HILQLQJWKH3UREOHP
7KLVLVWKHILUVWDQGWKHPRVWLPSRUWDQWSURFHVVLQWKHSURGXFWGHYHORSPHQW7KHVFRSHRIWKLVSURMHFWLVOLPLWHG
WR´LQQHUGLDPHWHURI839&SLSH%\NQRZLQJWKHVFRSHWKHUHVHDUFKLVDEOHWRIRFXVZLWKLQWKHVSHFLILHGOLPLW
,GHQWLI\LQJWKHSUREOHPVZLOOOHDGWRWKHGHILQLWLRQRIWKHSURGXFWVSHFLILFQHHGVRUIXQFWLRQV7KHUHDUHDQXPEHU
RIVSHFLILFSUREOHPVRIWKHZKHHOIRULQSLSHURERWDSSOLFDWLRQWKDWKDYHEHHQLGHQWLILHGDQGVXPPDUL]HGLQ7DEOH


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7DEOH6XPPDU\RISUREOHPVDQGHQJLQHHULQJFKDUDFWHULVWLFV
3UREOHPV 1HHGHGIXQFWLRQV (QJLQHHULQJ
&KDUDFWHULVWLFV
/LPLWDWLRQV
:RUNLQJVSDFHF\OLQGULFDODUHDDQG
OLPLWHGHQWUDQFHVL]H
7RILWLQFRPSDFW $UHDDQGYROXPH 'LQQHU ´
0DQKROH
:RUNLQJFRQGLWLRQ:DWHU\DQGVOLSSHU\ 7RPRYH )ULFWLRQ 'RPHVWLF6HZDJH
   6OXGJH
2ULHQWDWLRQKRUL]RQWDODQGLQFOLQDWLRQ 7RPRYHFOLPE 7UDFWLRQ +RUL]RQWDO
LQFOLQHUHVHDUFKVFRSH
/RQJDQGLQWHUFRQQHFWHG 7RFRQWURO 3URJUDPPLQJ
UHPRWHFRQWURO
PHWHUOHQJWKUHVHDUFKVFRSH
*DWKHULQJWKH,QIRUPDWLRQ
5HOLDEOHVRXUFHRILQIRUPDWLRQLVFULWLFDOLQRUGHUWRJHWGHWDLOHGXQGHUVWDQGLQJRIWKHLGHQWLILHGSUREOHPVDQG
DOVRWRGHYHORSYLDEOHVROXWLRQVRIWKHSUREOHPV7KHPDMRUVRXUFHVRIWKHOLWHUDWXUHDUHIURPMRXUQDOVFRQIHUHQFH
SURFHHGLQJV DQG DOVR UHODWHG FRPSDQLHV¶ZHEVLWHV6HOHFWHG FOLPELQJPHFKDQLVPV KDYH EHHQ UHYLHZHG DQG WKH
DGYDQWDJHVDQGGLVDGYDQWDJHVRIWKHPHFKDQLVPVKDYHEHHQLGHQWLILHGDQGVXPPDUL]HGLQ7DEOH$OOVLJQLILFDQW
LQIRUPDWLRQJDWKHUHGLVFRQVLGHUHGLQWKHGHYHORSPHQWRIWKHORFRPRWLRQIRULQSLSHURERWGHYHORSPHQW
7DEOH$GYDQWDJHVDQGGLVDGYDQWDJHVRIVHOHFWHGFOLPELQJPHFKDQLVPV
 $GYDQWDJHV 'LVDGYDQWDJHV
:HWDGKHVLYH +DVFDSDELOLW\RIFOLPELQJYHUWLFDOZDOO 4XLFNO\JHWGLUW\DQGORVHDGKHVLRQ>@
7KHDGKHVLYHUHTXLUHVUHODWLYHO\KLJKIRUFHVIRU
DWWDFKPHQWDQGGHWDFKPHQW>@
'U\DGKHVLYH *HQHUDOO\KDYHDKLJKHUHODVWLFPRGXOXVWKDQ
36$VDQGUHO\RQYDQGHU:DDOVIRUFHV>@
1LO
0DJQHWLFZKHHO +DVFDSDELOLW\RIFOLPELQJYHUWLFDOZDOO :RUNVRQIHUURPDJQHWLFVXUIDFHRQO\DQG
UHTXLUHVVXEVWDQWLDOSRZHUDQGJHQHUDWHVQRLVH
HYHQGXULQJVWDWLRQDU\PRGH>@
8QDEOHWRKDQGOHELJFUDFNVRUREVWDFOHVDQG
DOVRGLIILFXOWIRUWKHPWRDGMXVWWKHSRVWXUH
IUHHO\>@
:DOO YDFXXP
VXFWLRQ
$ELOLW\WRDWWDLQFRQWLQXRXVPRYHPHQWDQG
KLJKPRYLQJVSHHG>@
,WUHTXLUHVVXEVWDQWLDOSRZHUDQGJHQHUDWHVQRLVH
HYHQGXULQJVWDWLRQDU\PRGH>@
&RQFHSWJHQHUDWLRQ
$WWKLVVWDJHVRPHFRQFHSWVDUHJHQHUDWHGEDVHGRQSULRUFRQFHSWVFRPELQDWLRQRISULRUFRQFHSWVRULPSURYHG
DQGEHFRPHQHZFRQFHSWV7KHLQIRUPDWLRQLQ7DEOHLVXVHGWRJXLGHWKHSURFHVVRIFRQFHSWJHQHUDWLRQDQGDWWKH
VDPH WLPH WKH UHVHDUFK FDQ UHPDLQ IRFXVHG RQ WKH QHHGHG IXQFWLRQV 7DEOH  VKRZV WKH VXPPDU\ RI FRQFHSWV
DFFRUGLQJWRLGHQWLILHGIXQFWLRQV
&RQFHSWHYDOXDWLRQ
&DUHIXO DQG REMHFWLYH HYDOXDWLRQV DUH FRQGXFWHG XVLQJ ZHLJKWHG UDWLQJ PHWKRG 7KLV PHWKRG LV D PHWKRG RI
HYDOXDWLQJFRPSHWLQJFRQFHSWVE\UDQNLQJWKHGHVLJQFULWHULDZLWKZHLJKWLQJIDFWRUVDQGVFRULQJWKHGHJUHHWRZKLFK
HDFKGHVLJQFRQFHSWPHHWVWKHFULWHULRQ>@'XULQJWKHHYDOXDWLRQSURFHVVLWLVLPSRUWDQWWRHQVXUHWKHFRQFHSWPHHW
WKHGHVLJQDWHGIXQFWLRQVWKDWKDYHFOHDUO\EHHQGHILQHGLQ7DEOH7KHUDWLQJRIFULWHULDLVEDVHGRQWKHWRVFDOH
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ZKLFK LV  IRU XQVDWLVIDFWRU\ DQG  IRU D YHU\ JRRG FRQFHSW WR VHUYH WKH VSHFLILHG IXQFWLRQ 0RUH GHWDLOHG VXE
IXQFWLRQVDUHDGGHG WRHQKDQFH WKHHYDOXDWLRQSURFHVV+LJKHUZHLJKWDJH LVJLYHQ WRPRUH LPSRUWDQWVXEIXQFWLRQV
7KH FRQFHSWV DUH UDWHGEDVHGRQ LWV DELOLW\ WR VHUYH WKH VSHFLILHG IXQFWLRQV HVSHFLDOO\RQ WKHPRVW LPSRUWDQW RQHV
7KHQWKHUDWLQJPDUNVKDYHWRPXOWLSO\ZLWKWKHZHLJKWDJHRIWKHVXEIXQFWLRQ)LQDOO\WKHPDUNVDUHVXPPHGDQG
WKHKLJKHVWFRQFHSWZLOOEHFRQVLGHUHGIRUWKHILQDOGHVLJQ+LJKOLJKWHGER[HVLQ7DEOHUHSUHVHQWFKRVHQFRQFHSWV
WKDWZLOOEHFRQVLGHUHGIRUWKHGHYHORSPHQWRIQHZORFRPRWLRQIRULQSLSHURERW

7DEOH0RUSKRORJLFDO&KDUW
1HHGHGIXQFWLRQV (QJLQHHULQJ
&KDUDFWHULVWLFV
2SWLRQ 2SWLRQ 2SWLRQ
7RILWLQFRPSDFW $UHDDQGYROXPH 'HVLJQ 'HVLJQ 'HVLJQ
7RFRQWDFW )ULFWLRQ VLOLFRQH UXEEHU XUHWKDQH
7RPRYHFOLPE 7UDFWLRQ :' 7UDFNZKHHO &DWHUSLOODUZKHHO
7RSRZHU 9ROW$PS %DWWHU\ (OHFWULFDOOLQH 6RODUSDQHO
7RWUDQVPLW 3RZHU *HDUER[ %HOWLQJ 1LO
7RFRQWURO 3URJUDPPLQJ $UGXLQR8QR 3/& 1LO
3URGXFWDUFKLWHFWXUH
$WWKLVVWDJHIRUPRIWKHSURGXFWWKDWLVDEOHWRIXOILOWKHQHHGHGIXQFWLRQVDUHFUHDWHG$UUDQJHPHQWRIWKHSK\VLFDO
HOHPHQWV RI WKH GHVLJQ LQWR PRGXOHV QDPHO\ IUDPH WUDFN ZKHHO WUDQVPLVVLRQ DQG FRQWUROOHU 7KH PRGXOHV DUH
GHVLJQHGWRVHUYHLWVVSHFLILFIXQFWLRQV6RPHRIWKHPRGXOHVDUHVWDQGDUGDVVHPEO\WUDQVPLVVLRQDQGFRQWUROOHUWKDW
FDQEHERXJKWLQWKHPDUNHWEXWVRPHVSHFLDOSXUSRVHPRGXOHVDQGSDUWVDUHQHHGHGWREHIDEULFDWHGWUDFNZKHHODQG
IUDPH%DVHGRQ WKH IUDPH IXQFWLRQ LW KDV WRPHHW FHUWDLQ OHYHO RI VWUHQJWK DQG KDUGQHVV OLJKWZHLJKW DQG VLPSOH
VKDSH 0HDQZKLOH WUDFN ZKHHO KDV D OLWWOH ELW FRPSOLFDWHG GHVLJQ DQG DVVHPEO\ 7KHUHIRUH KLJK SUHFLVLRQ
PDQXIDFWXULQJDQGDVVHPEO\SURFHVV LVQHHGHG)XUWKHUPRUHDVVHPEO\RI WKHHOHFWURQLFDSSOLDQFHVQDPHO\PRWRU
VHQVRUV $GUXLQR 812 ERDUG DQG VKLHOG LV DOVR QHHGHG WR EH FRQVLGHUHG FRQFXUUHQWO\ 7KH VSHFLILFDWLRQ DQG
GLPHQVLRQ RI WKH SDUWV DUH DFNQRZOHGJHG %ROWV DQG QXWV DUH FKRVHQ IRU QRQSHUPDQHQW IDVWHQHU IRU IXUWKHU
PDLQWHQDQFHDQGVHUYLFHVLQWKHIXWXUH
3DUDPHWULFGHVLJQ
7KHH[DFWYDOXHVGLPHQVLRQVDQGWROHUDQFHVRIWKHFRPSRQHQWVDUHLGHQWLILHG$GHWDLOHGDQDO\VLVLVFRQGXFWHG
WRGHWHUPLQHWKHDFWXDOVL]HRIWKHSDUWV7KLVSURFHVVLVLPSRUWDQWWRHQVXUHWKHEHVWGHVLJQGHYHORSHGLVDEOHWR
PHHW WKHGHVLUHGSHUIRUPDQFH)UDPH FDQEH FRQVLGHUHG DV D VLPSOHGHVLJQ WKDW MXVW LQYROYH FXWWLQJRI3HUVSH[
EDVHGRQWKHGHVLJQDWHGGLPHQVLRQ,QWKHPHDQWLPHWKHIUDPHPXVWSURYLGHHQRXJKVSDFHWRRFFXS\IRXUPRWRUV
WRGULYHDOOWUDFNZKHHOV+RZHYHUWKHGHYHORSPHQWRIZKHHOWUDFNLVTXLWHFKDOOHQJLQJ$VHDFKZKHHOKDVWRILW
LQWKHGHVLJQDWHGZKHHOWUDFNZKLOHDWWKHVDPHWLPHWKHVL]HPXVWEHDFFXUDWH0RUHRYHUWKHVSHFLDOVL]HZKHHO
ZLWKH[WUDJULSLVQRWDYDLODEOHLQWKHPDUNHW7KHUHIRUHSLHFHPRXOGVWKDWKDYHVSHFLDOZKHHOWUDFNDUHGHVLJQHG
7KHPRXOGVDUHSURGXFHGE\83'SULQWHUWKDWXVHV$%6ILODPHQW7KHQWKHPRXOGVDUHDVVHPEOHGEHIRUHVLOLFRQH
OLTXLGFDQEHLQVHUWHGWRWKHPRXOG7KHPRXOGHGVLOLFRQHLVOHIWWRGU\DWURRPWHPSHUDWXUHIRUKRXUV
,Q RUGHU WR JHW DFFXUDWH GLPHQVLRQ RI WKH IUDPH D ZKHHO WUDFN GHWDLOHG DQDO\VLV KDV EHHQ FRQGXFWHG 7KH
DQDO\VLVKDVFRQVLGHUHGVOLGLQJDQGWLOWLQJFRQGLWLRQ'HULYHGIURPWKHEDVLFIULFWLRQIRUPXODVOLSSLQJDQGURWDWLQJ
DQDO\VLVKDVEHHQGRQH%DVHGRQWKHDQDO\VLVWKHPD[LPXPDQJOHRILQFOLQDWLRQEHIRUHWKHWUDFNZKHHOVOLGLQJLV
DWDQ\WKLQJEH\RQGLWZLOOFDXVHVOLSSLQJ7KLVLVEHFDXVHWKHYDOXHRIIRUFHDFWLQJGRZQZDUGLVKLJKHUWKDQ
WKH IULFWLRQDO IRUFH RI WKH WUDFN ZKHHO FDQ JULS 7KH VOLGLQJ RI WKH ZKHHO GHSHQGV RQ WKH YDOXH RI:VLQࣄ DQG
:FRVࣄ,IWKHYDOXHRI:VLQࣄLVKLJKHUWKDQ:FRVࣄWKHVOLGLQJZLOORFFXU(TXDWLRQZDVGHULYHGIURPWKH
HTXDWLRQRIHTXLOLEULXPRIPRPHQWDVLOOXVWUDWHGLQ)LJ)URPWKHFDOFXODWLRQWKHYDOXHRIࣄZKLFKZLOOFDXVH
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WKHWUDFNZKHHOWRURWDWHLVDWDQJOH7KLVPHDQVWKDWWKHURERWZLOOQRWWULSZKLOHGRLQJWKLVH[SHULPHQWDV
WKHPD[LPXPDQJOHWKDWZLOOEHXVHGLVRILQFOLQDWLRQ









9DOLGDWLRQ
839&SLSHOLQHZLWK´LQQHUGLDPHWHUDQGPHWHUOHQJWKLVXVHGWRYDOLGDWHWKHZKHHOWUDFNSHUIRUPDQFH7KH
H[SHULPHQW EHJDQZLWK SLSHOLQH ODLG RQ KRUL]RQWDO SRVLWLRQ 7KH WLPH WDNHQ E\ WKH ZKHHO WUDFN WR FRPSOHWH LWV
MRXUQH\ IURP RQH HQG WR WKH RWKHU LV UHFRUGHG /HQJWK LV WKHQ GLYLGHG E\ WKH WLPH WR JHW WKH YHORFLW\ 7KH
H[SHULPHQWLV WKHQUHSHDWHGIRUGLIIHUHQWSLSHOLQHSRVLWLRQZKLFKLVDQG7KHVSHHGRIWKH
ZKHHOWUDFNLVVHWLQWKHSURJUDPPLQJE\
5HVXOWVDQG'LVFXVVLRQV
$VDUHVXOWWKHSURWRW\SHKDVVXFFHVVIXOO\IDEULFDWHGDVVKRZQLQ)LJ7KHVRIWZDUHKDVEHHQSURJUDPHGDQG
YDOLGDWHG WKURXJK H[SHULPHQWV 7DEOH  VKRZV WKH UHVXOWV RI WUDFN ZKHHO RSHUDWLRQ 7KHUH DUH D QXPEHU RI
REVHUYDWLRQVWKDWFDQEHPDGHEDVHGRQWKHH[SHULPHQW7LPHDQGVSHHGGHFUHDVHDVWKHSLSHLQFOLQDWLRQLQFUHDVH
7KLVLVGXHWRPRUHWUDFWLRQIRUFH LVQHHGHGWRRYHUFRPHIULFWLRQDQGJUDYLWDWLRQDO IRUFHDVWKHSLSHOLQHSRVLWLRQ
EHFRPHVWHHSHU7KHUHIRUHPRUHSRZHUJRHV WRFUHDWH WUDFWLRQ IRUFH WKDWFRQVHTXHQWO\ UHGXFHV WKH VSHHGRI WKH
PRWRU










'XULQJ WHVWLQJ WKHUHDUHDQXPEHURIREVWDFOHVKDSSHQHG6RPHPLQRUDGMXVWPHQWVKDYHEHHQPDGH LQRUGHU WR
DFKLHYH WKH VWDWHG REMHFWLYHV )RU LQVWDQFH WKH YDOXH RI SURJUDPPLQJ LQSXW , KDV WR EH LQFUHDVHG XS WR WKH
PD[LPXP YDOXH ,   ,QLWLDOO\ WKH , YDOXH ZDV VHW WR ,  DQG VHHPV WKH ZKHHO WUDFN LV ODFNLQJ RI SRZHU
HVSHFLDOO\GXULQJFOLPELQJ)XUWKHUPRUHGXULQJWHVWLQJDWWKHZKHHOWUDFNVOLSIURPWKHZKHHODQGWKHWHVWZDV
UHSHDWHGDIHZWLPHV)LQDOO\WKHH[SHULPHQWVZHUHVXFFHVVIXOO\FRQGXFWHG)URPRXUREVHUYDWLRQ LQWHVWLQJ
LQFOLQDWLRQWKHZKHHOWUDFNZLOOVWDUWWRVOLSHYHQZLWKRXWUXQQLQJLW,QWKHPHDQWLPHWKHVRIWZDUHLVSURYHQWREH
VXFFHVVIXODVWKHZKHHOWUDFNDXWRPDWLFDOO\VWRSVDWWKHHQGRIWKHSLSH,WZDVSURJUDPPHGLQWKHV\VWHPWKDWWKH
ZKHHO WUDFNZLOO VWRS LI WKHGLVWDQFHGHWHFWHGE\ WKHXOWUDVRQLFVHQVRU LVJUHDWHU WKDQ WKHGHVLJQDWHGYDOXHRSHQ
H[LW+RZHYHUWKLVZKHHOWUDFNLVXQDEOHWRUHYHUVHWRWKHLQLWLDOUHOHDVHGSRLQW\HW

3LSHSRVLWLRQ 7LPHV , 9HORFLW\PV
   
   
   
   
   
   
7DEOH5HVXOWVRIZKHHOWUDFNRSHUDWLRQ
)LJIUHHERG\GLDJUDPRIWKHWUDFNZKHHOIRUWULSDQDO\VLV
ࣄ WDQFHHT
ࣄ WDQPP
ࣄ 
)LJ,VRPHWULFYLHZRIWKHZKHHOWUDFN
9EDWWHU\
8OWUDVRQLF
:KHHOWUDFN
$UGXLQR812
DQGPRWRU
VKLHOG
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&RQFOXVLRQDQG5HFRPPHQGDWLRQV
$VDFRQFOXVLRQWKHZKHHOWUDFNKDVEHHQVXFFHVVIXOO\EXLOWIURPDV\VWHPDWLFGHVLJQSURFHVV7KHZKHHOWUDFN
KDV EHHQ WHVWHG DQG PHW WKH VWDWHG REMHFWLYHV 7KH ZKHHO WUDFN PDQDJHG WR PRYH DQG FOLPE XS WR  SLSH
LQFOLQDWLRQZLWKZKHHOVNLGGLQJDWKLJKHUSRVLWLRQDQGVOLSDWLQFOLQDWLRQ,QRWKHUZRUGVWKHGHVLJQDWHGZKHHO
DQG PRWRUV DUH DEOH WR SURGXFH VXIILFLHQW WUDFWLRQ IRUFH WKDW HQDEOHV WKH ZKHHO WR FOLPE XS WR  ,QVWHDG RI
IRFXVLQJRQWKHWUDFWLRQIRUFHWKHZKHHOWUDFNKDVWRLQFUHDVHLWVDELOLW\WRJULSVRWKDWLWFDQLQFUHDVHLWVFOLPELQJ
DELOLW\WRR)RUIXWXUHSURMHFWWZRRWKHUVLPLODUZKHHOWUDFNVZLOOEHSURGXFHGDQGWKHQLQWHJUDWHWRSURGXFHRQH
LQSLSHURERW%\KDYLQJDFRPSOHWHLQSLSHURERWLWLVSUHGLFWHGWKDWWKHURERWVKRXOGKDYHELJJHUJULSSRZHUWKDW
ZLOOHQDEOHLWWRFOLPEDWKLJKHUGHJUHHRISLSHOLQHSRVLWLRQ$WWKHVDPHWLPHRWKHUPHFKDQLVPFDQEHDWWDFKHGWR
WKHURERWVRWKDWWKHLQSLSHURERWDSSOLFDWLRQFDQEHLPSURYHG)XUWKHUPRUHWKHURERWSHUIRUPDQFHFDQFRPSDUHG
ZLWKRWKHUZHOONQRZQGHVLJQPHWKRGV
$FNQRZOHGJHPHQWV
7KLV SURMHFW LV IXQGHG E\ 6PDOO *UDQW 6FKHPH 8QLYHUVLWL0DOD\VLD 6DUDZDN )6 7KH
DXWKRUVDOVRZRXOGOLNHWRWKDQNWKH'HSDUWPHQWRI0HFKDQLFDODQG0DQXIDFWXULQJ(QJLQHHULQJDQG81,0$6IRU
WKHLUVXSSRUWDQGFRRSHUDWLRQ
5HIHUHQFHV
³3(7521$6$QQXDO5HSRUW´
(QQHU)5ROOLQVRQ'DQG&KRVHW+0RWLRQ(VWLPDWLRQRI6QDNH5RERWVLQ6WUDLJKW3LSHV,(((,QWHUQDWLRQDO&RQIHUHQFHRQ5RERWLFVDQG
$XWRPDWLRQSS
65RKDQG+5&KRL³'LIIHUHQWLDOGULYHLQSLSHURERWIRUPRYLQJLQVLGHXUEDQJDVSLSHOLQHV´,(((7UDQV5RERWYROQRSS±
)HE
(0DUWLQVRQ00LOOHUDQG6:DVL³7KHSLSHFUDZOHU´«5RERW'DQLD«SS±
00RKLWSRXU79DQ+DUGHYHOG:3HWHUVRQDQG-6]DER3LSHOLQH2SHUDWLRQ	0DLQWHQDQFHࣟDSUDFWLFDODSSURDFKQG(GLWLRQ$60(
35(66
0)<XVRII%6..,EUDKLP++DP]DKDQG+$.DGLU³'HYHORSPHQWRI$LU&RQGLWLRQDO5RXWH:LUHOHVV,QVSHFWLRQ5RERW´
3URFHGLD(QJYROSS±-DQ
*('LHWHUDQG/&6FKPLGW(QJLQHHULQJ'HVLJQWK(GLWLRQ,QWHUQDWLRQDO(GLWLRQ0F*UDZ+LOO
6.LP06SHQNR67UXMLOOR%+H\QHPDQ90DWWROLDQG05&XWNRVN\³:KROHERG\DGKHVLRQKLHUDUFKLFDOGLUHFWLRQDODQG
GLVWULEXWHGFRQWURORIDGKHVLYHIRUFHVIRUDFOLPELQJURERW´LQ3URFHHGLQJV,(((,QWHUQDWLRQDO&RQIHUHQFHRQ5RERWLFVDQG
$XWRPDWLRQSS±
=4LDQ<=KDRDQG=)X³'HYHORSPHQWRI:DOOFOLPELQJ5RERWVZLWK6OLGLQJ6XFWLRQ&XSV´LQ,(((56-,QWHUQDWLRQDO
&RQIHUHQFHRQ,QWHOOLJHQW5RERWVDQG6\VWHPVSS±


)LJ)ORZFKDUWIRUWKHWUDFNZKHHOSURJUDPPLQJ
)LJ3URJUDPPLQJIRUWUDFNZKHHOPRYHPHQW
